few studies designed to evaluate the conservation potential of buffer strips for forest birds. These studies compared abundances of species inhabiting undisturbed riparian forests to those observed in buffer strips, but they did not consider nonriparian habitats (Johnson and Brown 1990, Triquet et al. 1990 , Darveau et al. 1993 . Consequently, these studies provide clear information on avian use of buffer strips, but interpretation is difficult because riparian and interior forest specialists are not identified. More consideration needs to be given to the use of riparian versus interior forest habitats, as the latter are rarely explicitly incorporated in boreal forest management plans.
Researchers often have indicated a need to identify the minimum width of buffer strip necessary to maintain a species assemblage similar to that found along undisturbed shorelines (Johnson and Brown 1990, Darveau et al. 1993, Spackman and Hughes 1995). However, even wide buffer strips (i.e., >100 m) most likely would not support an unaltered bird assemblage. A more productive approach to the development of effective forest management strategies could be to identify patterns of habitat use by the species involved, and then use this information to help explain differences in bird assemblages found along undisturbed shorelines and buffer strips of various widths. Appropriate conservation strategies, which likely involve more than simply altering the width of buffer strips, can then be developed for those species that do not benefit from riparian buffers.
We compared use of undisturbed shorelines and 20-50-m-wide riparian buffer strips by breeding birds inhabiting balsam fir forests on the island of Newfoundland, Canada. As with previous studies, a primary objective was identification of differences in individual species' abundances between buffers and controls. Beyond this objective, we were interested in the effect of strip width on bird assemblage composition. A concurrent study conducted on the same sites described the distribution of each bird species relative to undisturbed shoreline, interior forest, and nonriparian edge habitats in the region (Whitaker and Montevecchi 1997). We used information from this complementary research to assign species to habitat selection guilds that were based on the birds' spatial distribution in the local landscape. This guild classification allowed us to quantify responses of riparian and interior forest specialists and helped to explain several aspects of the composition of species assemblages observed along buffer strips of various widths.
STUDY AREA
Research was conducted on insular Newfoundland, Canada, which lies at the southeastern limit of the North American boreal forest. We established study blocks in 5 
METHODS

Data Collection
In 1994, we surveyed breeding birds in undisturbed riparian habitat, buffer strips, bog, interior forest, anthropogenic edges, and clearcuts with and without buffer strips. Using these observations, we established 13 study blocks in 1995, each of which contained a 200-m transect through a riparian buffer strip 20-50 m in width, and another along an undisturbed riparian forest edge. Three pairs of riparian control and buffer strip transects sampled in 1994 (but not resampled in 1995) fit the revised study criteria, and data from these sites were added to the 13 pairs sampled in 1995. Thus, we sampled 3,200 m of riparian habitat along control and buffered shorelines. Nine pairs of transects (1,800 m) were located along lakeshores, and 7 pairs (1,400 m) alongside streams. Streams were 4-15 m wide, and lakes ranged from 2 to 200 ha. Whenever possible, we established these pairs of transects alongside a single waterbody (n = 5); otherwise, they were placed on similar waterbodies within the same watershed (n = 11). With the exception of small natural openings (e.g., insect kills, bogs), forest cover was continuous for >300 m upslope along undisturbed shorelines. Streamside controls had intact forest on both banks, and banks opposite streamside buffers also supported undisturbed forests. We selected buffer strips that were adjacent to 3-5-year-old clearcuts (1 at 3 yr, 8 at 4 yr, 7 at 5 yr), were typically >300 m long with adjacent clearcuts >10 ha, and were located in areas of extensive harvesting.
All transects paralleled the shoreline about 20 m into the forest. To avoid traveling along the immediate edges of clearcuts, we placed transects about 5 m within the residual forest cover when buffer strips were <25 m wide. We placed transects along portions of buffer strips that were relatively constant in width. Strip width was measured at the beginning, middle, and end of each transect, and these 3 values were averaged to obtain mean widths used in data analyses (: = 33.2 m, SD = 9.7, range = 20-52, n = 16).
We conducted bird surveys following the line transect method outlined by Bibby et al. (1992) . To restrict observations to the habitat being sampled, we included only those birds detected 530 m from transects. Surveys were conducted by 2 experienced observers from 7 June to 7 July each year, which is the standardized period for breeding bird surveys in the region (Robbins et al. 1986). Each study block was surveyed at the beginning, middle, and end of this period. During a survey, both transects were sampled in random order by a single observer, and observers alternated between visits to a block. Surveys began within 30 min of sunrise (0500-0530) and were completed by 0930 (Skirvin 1981) . Transects were walked in 25-30 min, and all birds observed were identified to species by sight or species-specific vocalizations. The distance of each bird from the transect was recorded on a site map; along buffer strips, we noted whether the bird was in the clearcut or residual forest. We practiced distance estimation and believe we were relatively accurate for birds observed within 50 m of transects. Surveys were not conducted during rain or when winds exceeded 20 km/hr (Robbins 1981).
For each species and transect, the greatest number of adults observed during the 3 surveys was assumed to represent the population. We believe the highest count represents a minimum estimate of bird numbers along a transect because more birds unlikely will be observed than occupy nesting territories within the area (Bibby et al. 1992). We realize this assumption is invalid for nonterritorial species (e.g., carduline finches), but pine siskin was the only such species we observed during surveys (see Table  1 for scientific names of bird species). Adult counts were not confounded by the presence of juveniles, because very few young had fledged by the end of the survey period, and these were readily identified by plumage and behavior.
An assumption of avian community studies is that all birds are equally detectable. Consequently, observed numerical differences between species or habitats reflect real differences in abundance. Comparisons of abundance may be misleading when detectability varies among species (e.g., due to vocalizations or behavior) or between habitats (e.g., due to vegetation structure or ambient noise). We believe we minimized any effects of differential detectabil- (4) open-edge species were those associated with nonforested terrestrial habitats such as clearcuts or the interfaces between these nonforested habitats and woodlands; (5) ubiquitous species were those found in all of the above mentioned habitat types. We used these guilds, which contained 5-11 species each, to obtain general and broadly applicable information on effects of riparian forest management on bird communities.
To test if type of waterbody influenced avian abundance, we used a Mann-Whitney U-test to compare counts between control lakeshores and streams for individual species, guilds, and all species combined (Mann-Whitney U-test; Minitab [Ryan and Joiner 1994] ). Similarly, we compared bird observations between lacustrine and riverine buffer strips, using width of buffer strips (as a covariate), type of waterbody, and the interaction between the 2 as explanatory variables (PROC GLM in Minitab). If we found no effect of waterbody type on avian assemblages, lake and stream transects were pooled in subsequent analyses. Because of the small number of 1994 blocks, we were unable to test for any differences between years; however, all trends observed on the 1995 blocks also were evident on 1994 blocks, and 1994 counts were within the range observed in 1995. Consequently, data from both years were pooled in all analyses.
Count data typically follow a Poisson distribution, so we compared species and guild counts between control and buffer strip transects via a generalized linear model with a Poisson error distribution and log-link function (McCullagh and Nelder 1989, using PROC GLM in S-plus; Venables and Ripley 1994). We obtained 95% confidence limits for the treatment means from the 2.5 and 97.5 percentiles of 10,000 randomly generated means from a Poisson distribution having the same mean and sample size as the observed data (SAS Institute 1989). We modeled total relative abundance (i.e., all bird observations combined) and species richness (no. of species) via a paired-comparison analysis of variance (Sokal and Rohlf
1995; Minitab [Ryan and Joiner 1994]) because the Poisson distribution approaches normality as the mean value increases (Haight 1967).
We evaluated the fit of generalized linear models and analyses of variance by visual inspection of residual error plots. Generalized linear models were unacceptable when <6 individuals had been observed, and we do not present statistical tests for these uncommon species. To further describe avian community structure, we generated rarefaction and relative abundance curves via pooled observations from all buffer strip or control transects (James and Rathburn 1981).
All of the preceding comparisons of bird observations between control shorelines and buffer strips were conducted twice. In the first analysis, we included all observations obtained within 30 m of the transects. However, clearcuts adjacent to buffer strips often extended within this sampling area, likely leading to underestimation of the density of forest-dwelling species within buffer strips. Consequently, we conducted a second series of analyses after excluding observations obtained in the clearcut adjacent to each buffer strip (i.e., considering only forested habitat). To standardize the area sampled for statistical tests, we also excluded observations obtained in an equal-sized strip along the upslope side of each paired riparian control. Both analyses are reported: probability values designated P30m report analyses including all sightings within 30 m of transects, whereas those denoted by PB refer to analyses of the buffer-sized area only. Because of the overlap in datasets tested in these 2 analyses, we used the Bonferroni method to determine the appropriate significance level (a = 0.025; Sokal and Rohlf 1995).
To assess the influence of buffer strip width on bird counts, we regressed counts obtained within buffer strips (i.e., excluding sightings from clearcuts) against the width of the buffer strips for each of the 5 guilds and for all species combined (a = 0.05; PROC REGRESS in Minitab [Ryan and Joiner 1994] ).
RESULTS
We found no differences when comparing individual species, guild, or total bird counts between lake and stream shorelines for either control or buffer strip transects. Consequently, we pooled lacustrine and riverine transects in subsequent analyses.
Avian assemblages differed between the control and buffer strip shorelines. The total num- (Table 2) . Rarefaction curves for the entire plots indicated that as numbers of birds increased, species accumulated more rapidly along undisturbed shorelines than buffered shorelines ( Fig. 2A) . This pattern was not evident following the restriction of observations to the buffer area (Fig. 2B ). Relative abundance curves were similar for buffered and undisturbed shorelines (Fig. 3) .
Comparisons of analyses including all birds seen within 30 m of the transects to analyses of those seen within the buffer strip alone reflected differences in patterns of habitat selection among guilds (Table 1) Table 3) . At the guild level, no comparisons were significant (P > 0.05; Table   3 ).
DISCUSSION
Riparian forest management practices are intended to protect species dependent on riparian habitat. Consequently, the response of these species is of primary concern when evaluating the effectiveness of riparian management practices. Buffers were effective in that counts of riparian species at the guild level were similar between control shorelines and buffer strips (Table 1) . In contrast to findings in Maine (Johnson and Brown 1990), we found no evidence that northern waterthrush were less abundant along buffers than undisturbed shorelines (yXj = 0.37, P30,n = 0.564; )1 = 0.43, Pr = 0.511). However, Johnson and Brown's (1990) study was unreplicated, making it difficult to separate harvesting effects from intrinsic variability between 2 lakeshores (e.g., Lewis 1998).
Although we detected no differences in abundance between control shorelines and buffer strips for the 5 remaining riparian species, all were rarely observed during surveys; thus, any effect would have gone undetected (Table 1) . Regression analysis showed no association between counts of riparian species and buffer strip width (Table 3 ). This lack of relation likely stems from the association of riparian species with habitat found along the shoreline, which would not increase in proportion to buffer width. Thus, increasing the width of buffer strips beyond the riparian vegetation zone would not likely increase their use by riparian birds.
The general rarity of riparian birds in riparian habitat was unexpected. In comparison, however, these species were almost entirely absent in the forest interior (Table 4) . We propose 2 nonexclusive explanations for the low numbers of riparian birds observed. First, riparian species occupy long, narrow shoreline territories, thereby reducing the number of breeding pairs observed. Manuwal (1986) described the shapes of bird territories along streams in Montana. While some species typically occupied symmetric territories spanning riparian and forested upland vegetation, others had elongated territories that fell almost entirely within riparian vegetation. Similarly, several of the riparian species we observed appeared to occupy linear shoreline fined it) should increase with buffer width. Possibly, the range of buffer widths sampled was not great enough to detect a response. Interior forest species are an important component of forest bird assemblages in western Newfoundland (Table 4 ; Whitaker and Montevecchi 1997). As with forest generalists, no difference in abundance was detected for the interior forest guild between control shorelines and buffer strips (Table 1) . Consideration of data from shoreline habitats alone might lead to the conclusion these species are adequately protected in buffers. However, the rarity of these species resulted from their general absence in riparian habitat, not overall rarity in the region. The mean frequency of sightings in interior forest habitat (i.e., 150 m from the shoreline) in the study area was >3 times that observed along either riparian controls or buffer strips (Table  4 ; Whitaker and Montevecchi 1997). Also, 3 of 6 interior species were not observed along any buffer strip. Thus, both undisturbed shorelines and buffer strips are likely poor or marginal habitat for these species.
Regression analysis indicated buffer width was not a significant factor influencing numbers of interior forest birds and accounted for little of the observed variation in counts (r2 = 0.19, P = 0.095, n = 16; Table 3 a Bird surveys were conducted concurrently on most of the same sites as research presented here, and surveys followed the same methodology.
Interior transects were placed parallel to riparian transects ( Table  3 ). As with the riparian guild, lack of response to strip width is likely related to use of adjacent habitat types and ecotones, which do not increase with increasing buffer width. The mixed habitat along buffer strips seemed to be favorable to species we classified as ubiquitous. Counts of these species, which were most often seen within buffers rather than in adjacent clearcuts, may be positively related to strip width (r2 = 0.24, P = 0.055, n = 16; Table 3 ). Given that ubiquitous species were less abundant along control shorelines, where forests extended >300 m upslope, there may be an optimal buffer width beyond which numbers of these birds would stabilize or decline. Mixed results were obtained regarding the biodiversity of avian assemblages on the undisturbed and buffer strip shorelines, with different indices suggesting contrasting trends. Considering entire sampling plots (i.e., including clearcuts), species accumulated more rapidly along undisturbed shorelines than buffer strips, typically a sign of higher biodiversity ( Fig. 2A) . However, the lower rate of species accumulation along buffered shorelines was offset by the greater number of birds observed, which resulted in species richness being similar for the 2 shoreline types (Table 2) . Conversely, the near significant increase in species richness observed within buffer strips (F1,15 = 4.44, PB = 0.052; Table 2 ) resulted from the greater number of birds they supported, because species accumulated at a similar rate within buffers and undisturbed shorelines (Fig. 2B) . Relative abundance curves suggest assemblages along the 2 shoreline types are similar in structure and evenness (Fig. 3) . The higher total number of birds along buffers (Table 2) is not surprising because species in 2 guilds became more abundant, whereas no guild or individual species was significantly less abundant in this habitat (Table 1) 
